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COMPLETE SPECIFICATION. 

" Improved method of and apparatus for separating particles of 
different specific gravities and recovering those desired." 

I, Arnold Nesbitt Macnicol, of No. 11 spaced vertical and 



Phillip Street, Sydney, in the State of New- 
South "Wales and Commonwealth of Aus- 
tralia, Consulting Engineer, hereby declare 
5 the invention and the manner in which it is 
to be per formed, to he fully described and 
ascertained in and by the following 
statement : — 

This invention relates to the reparation 
10 of particles of different specific gravities and 
recovery of tho»e desired, and has been speci- 
nllv devised in order to provide an improved 
method of and apparatus whereby the 
desired particles whether the heavier or 
15 lighter may be sepa rated and recovered. 

The improved method of separating par- 
ticles of different specific gravities constitut- 
ing finely ground material and recovering 
tiioie desired, comprises the centrifugaliza- 

20 '•it'll of either a continuous or intermittent 
supply or flow of a mixture of material con- 
stituted of finely eround particles and a suit- 
able liquid into a rapidly rotating vessel hav- 
ing a plurality of axiallv spaced, circnm- 

25 fere-ntiallv arranged and centripelally dis- 
posed riffles which mav be in any convenient 
form such as in the specification of my Aus- 
tralian Letters Patent No. 17,457/ftt, or 



circumferential inter- 
secting ribs or bands, discharging washing 
or agitating liquid, generally water, or agi- 
tating fiuid such as air or carbonic or other 
suitable gas or gases, radially or at suitable 
jingle or angles in the direction of the wall 
:md riffcV* thereof, and discharging at regu- 
Inicd procure washing or agitating liquid, 
generally water, or agitating fluid, such as 
air or a suitable gas, from the base or most 
radial point of each riffle, centripetally, thai 
ir against centrifugal action, or at an angle 
thereto, in order to stir and diffuse the 
lighter particles so that they will be carried 
up in the upwardly moving content of the 
vessel and away in the overflow therefrom, 
or may be skimmed off or otherwise removed 
at or near the top. 

The specific gravity of certain of the 
particles may be varied a^ convenient or 20 
suitable by the addition to the mixture of a 
suitable litpiid such a? an oil of low specific 
gravity, nr the discharge thereinto of a suit- 
able gas. or both liquid and gas, having a 
selective affinity for. or action upon, desired 25 
particles. 

It will be understood that when the speci- 
fic gravitv of such a particle is altered by 
the addition of a liquid such as oil of low 
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specific gravity or a pas such as carbonic 
icid, or botn. wiueu wiJ] auntie lo, envelop, 
or combine with ibe previously heavier valu- 
able particles, the specific gravity of the 
5 particle shall be that of the combination, and 
in this circumstance the originally or natur- 
ally heavier particles become the lighter 
particles and they are carried up to the top 
of the vessel and skimmed off or obtained 
10 .'rom the overflow. 

An improved apparatus according to one 
construction comprises a vessel whose depth 
or length is preferably greater than its 
.^aineter which is adapted to be rapidly 
15 rotated at desired speed upon its axis which 
may be vertical or horizontal, or at any 
angle therebetween, and, in one construction, 
has upon or in the inner face of its wall a 
plurality of axially 6paced, circumferenti- 
20 ally arranged and centripetally disposed 
riffles, preferably in the form of centripet- 
al )y open recesses which may be a circum- 
fereniially arranged plurality of indepen- 
dent though adjoining recesses, though each 
25 may be annular, a nd from the deepest ra - 
ni os: radial point prTiKlep cndi^t Sce&ae^flji 
oriiice. and I roi n an annular recess a 
pi n ran ty ot ci Fcm nTerenTTa I ly ^y WcelToTln^eT 
pnd upon or a houT^nT^TTposTte. or more 
30 radial face of the vessel, a jacket to form a 
c ommon passage to all the orifice* whereby 
washing or agitating liquid or agita ting 
fluid may be discharged at rcguTated i7rc£ 



rged at regulated nrp* 
sur eeitber continuously or intermitten tl y to 
35 cause dislurban c^agitation or diffusion of 
fhe~liglner" paTtTclcs "I fo HfKnt ~tLev will |je 
earned" up in the upwarUly moving conieiii 
of the vessel and may be skimmed off or 
otherwise recovered, or will be carried off in 

4 j the overflow from the vessel, and may ie 

recovered therefrom, the pressure being such 
that it will be jus; sufficiently greater than 
the centrifugal momentum of the lighter 
particles and less than that of ihe heavier 
45 particles so that the latter will not l»e pre- 
vented from lodging in or upon the riffles or 
dislodged therefrom, but the former will be, 
rud inside the vessel a mixture supply and 
discharge pipe or shaft, also a washing or 

5 j agitating liquid or agitating fluid supply 

nnd discharge pipe, or a spaced plurality 
Thereof. 

The apparatus may comprise only one 
vn-ol. but preferably will comprise a 
55 nlnrality of vessels, either arranged vertic 
ollv. one above the other, or one within or 
about the other, upon a common hollow 



shaft, each, except the highest or innermost, 
to receive the overflow from the adjacent 
vessel, and if desired in the multiple con- 
struction the liquid or fluid jacket about 
each vessel may be omitted. 6 

And in order that the invention and prac- 
tical applications thereof may be readily 
understood the same will now be descriUrd 
with reference to the accompanying draw- 
ings, in which: 10 

Figure 3 is a sectional elevation of an 
improved apparatus. 

Figure 2 is a fragmentary section of a 
vessel wall with modified arrangement of 
inlet openings. 16 

Figure 3 is a sectional elevation of a modi- 
fled construction of vessel. 

Figure 4 is a sectional elevation of a 
muhipole vessel apparatus in a vertical 
arrangement. 20 

Figure ;» is a fragmentary section of a 
modified arrangement of the rebels upon u 
common shaft, and 

Figure C is a sectional elevation of a 
. multiple vessel apparatus in a horizontal 25 
arrangement. 

Referring to Figure 1, the vessel 11 which 
is mounted upon hollow shaft 12. which is 
in suitable bearings and adapted to be 
rotated by suitable means, such as pulley 14, 30 
and ha-, openings 13 and is plugged there- 
l.p)ov.\ has riffles 15 formed on or secured to 
the inner face of its wall, and from the 
deepest or most radial point between each 
pair of riffles 15. orifices 16. which may be 35 
replaced by narrow circumferentially 
arranged through slits or slots, has discharge 
openings 17 in the base 18. and has there - 
about a supply and pressure jacket 19. en- 
larged at the top to form a trough 20 which 40 
ln» = cleaning pings 21 thereinto, and the 
boTtom is in communication by pipes 22 and 
connexion 23 to the lower part of the hollow 
-haft 12. Supported beneath the ha*e of 
the vessel is a receiving i rough 24 with di*- 45 
charge direction spout 25. ln c i<h- the vessel 
is a washing or agitating liquid supply pipe 
26. or .spaced plurality thereof, having dis- 
charge openings 27 directed radially at suit- 
able angle. 50 

The orifices 16 may be tho«e in a woven or 
perforated screen or sheet 28 held in posi- 
rion upon the inner face of the vessel wall 
over lareer orifices or slrqc_29 therethrough 
bv jinc^30 n re^ed into posmoh, and which 55 
mnyserv^fs riffles. 
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In a modified construction of the vtVfSeJ 
as in Figure 3, it may have the- riffles 15 
vertically disposed, and be provided with a 
vertically adjustable separate top rim or 
5 ring 31 in order to vary the escape space 
between said rim and the vessel wall, a con- 
venient manner of supporting the rim and 
effecting adjustment thereof in relation to 
i he vessel top being a plurality of brackets 
10 32 upon the vessel and an operable threaded 
*i«'in 33 through each bracket 32. 

This construction and arrangement of 
vessel i> suitable for operation when the 
heavier particles are to have their specific 
15 gravities reduced by the adhesion thereto, 
envelopment thereof, or the combining there- 
with of suitable buoyant material or sub- 
stunce which has a selective affinity for, or 
action upon, desired particles which is added 
20 to or introduced into the mixture, either 
before it is fed into the vessel, or while 
therein, the adjustment of the top rim 31 
bv manipulation of stems 33 controlling the 
exit and overflow of the floating foam or 
25 froth bearing the particles which have been 
carried up thereby or therein. 

Referring to Figure 4, a plurality of 
vessels 11 which may have riflles 15 formed 
as shown, or (it her wise desired, or as in 
30 Figure 1. are mounted vertically spaced 
upon a common hollow shaft 12 which is in 
*ui:ablc bearings, is adapted to be rotated. 
<\uh a * through gear 34, has an opening 35, 
or a plurality thereof, to caeh vessel, and a 
35 sliihil !<• hullow valve rod 36 with opening* 37 
through its wall to juxtapose with the open- 
ing 35 or plurality thereof, so that either, 
or all of the vessels , may be opened, when 
desired, to the hollow shaft 12. which in ibis 
40 arrangement is used as a discharge prpc. 

Inside each vessel is a mixture supply pipe 
38 which may be a branch from a main mix- 
ture supply pipe 39. also a washing or 
agitating liquid or fluid supply pipe 26 
45 which also may be a branch from a main 
pipe 40. 

The vessels may he constructed as shown 
in Figure 4 or witb the addition of the 
jacket 19 thereabout, and a supply pipe 41 

60 ut» through the hollow shaft 12, and there 
riiav be a spla c b case 42 about the apparatus 
with a declined bottom to a spout 43. 

In this arrangement, overflow from a 
higher vessel will pass into the one there- 

65 under, and that from the lowest into the 
ca-e 42. 

5 



So that one or some of the vessels 11 upon 
the common shaft 12 may remain stationary 
while another or others are rotated thereby, 
they may he arranged as in Figure 5, each 
vessel 11 being free to rotate upon the sha;; 5 
12. and supported by a friction block 44 
fast upon said shaft', and means are pro- 
vided for raising each vessel independent ,y 
from its block 44. such means conveniently 
being a lever 45 which is fulcrummed upon *Q 
a suitable support such as a bracket upon 
the splash case 42 or a bar 46 conveniently 
anchored, and has on one end forks 47, eacL 
carrying a roller 48. and its other end con- 
nected to an operable rod 49 or telescopic- * 5 
ally arranged tubes 50. 

When it be desired to siop rotation of i 
vessel the requisite lever 45 is operated io 
raise the vessel from its supporting friction 
block 44. 20 

Referring to Figure 6, a plurality of 
vessels 11, which may be constructed in any 
of the manners before described, but re- 
quisitelj of varying diametera, may be 
formed integral, that is with a common base 26 
18 through which from each vessel are the 
discharge openings 17 into respective 
troughs 51, 53 and 55 which are connected 
by pipes 52. 54 and 56 to the hollow shaft 
12 at different positions, and in which is the 30 
slidab'e hollow valve rod 36. 

Inside the innermost vessel is the mixture 
supply pip* 38, and inside each vessel is a 
washing or agitating liquid or fluid supply 
pipe 26. or plurality thereof, and inside cacu 35 
vessel other than the innermost is a mix- 
ture overflow guide plate 57 which is at an 
angle reverse to that of the vessel's outer 
wall, and may be conveniently supported 
from the shaft 12 as shown. 40 

If it be desired that the vessels 1k» pro- 
vided with external jacket 19. same, may be 
lidded a- shown, and be connected by a pipe 
58 up through the hollow shaft 12. 

As a convenience there may lie provided a 45 
fixed gauge 59 .-ecured to any convenient 
support, and a pointer 60 on the sliding 
valve rod 36. 

The valve rod 36 may be removed from 
the hollow shaft 12 while the vessels are &® 
working, to avoid wear, but mu6t be re- 
placed before the speed of the vessels is 
reduced low enough to allow the content 
to flow out of the vessels before desired. 

A high pressure jet of water may he 55 
forced down the centre of the hollow shaft 
12 to assist in the removal of the material. 

6 



22,055/.?$. 



2 Apr., 



In one operation (Figure 1) the vessel 11 
being rotated at requisite speed, the mixture 
is supplied thereinto either continuously or 
intermittently through hollow shaft 12aud 
5 its openings 13 at desired pressure, and dis- 
charges in the direction of the wall of the 
vessel and /or the riffles thereof, washing or 
agitating liquid is discharged either con- 
tinuously or intermittently at desired pros- 

10 ure from the pipe or pipes 26 into and 
rhrough thf» mixture, and _ a_^ urthe r or 

eounre r dischar ge of the liq uid or oTT ieT"* 

liquid or Hind w TnrTi is jsupjVIicd through rite* 
I owcr portio n t uTH*. li ? it _I 2T~ah J""!)v the" 

15 nj}^ 22-Xa. the >ad;4:L.i3.Js. ^^ : ii}*£vxxSET 
co ntinuously o r _jn r ermitt ently through tl i e 
oTi tires H[jil_tTie He^pcst point bet wee nj the 
riffl es 15^ t he object being t o~a t ruin rTTs t u r Fi- 
a gce, agitation and dijffusiou of the lighter 

20 particles so that they will be carrier! up to 
top of content of, or off in the overflow 
from, the vessel. 

At termination of operation, the vessel 
is flushed or washed out by requisite appli- 

25 ration of water to dislodge the heavier 
particles which are between the riffles 15, 
and will be washed down into the trough 24 
and discharged through spout 25 to where 
required. 

30 If desired the hearter particles muy he 
allowed to pass through the vessel into the 
jacket 19 and be recovered therefrom such 
as bv opening the lower end of the hollow 
shaft 12 and flushing through the plug-holes 

35 21. or bv opening those holes and flushing 
through the shaft 12 and pipes 22. 

With a vessel constructed and arranged as 
in Figure 3 with a hollow shaft 12 or a mix- 
ture supply pipe 38. and washing or agitat- 

40 inrr medium supplv pipes 26 therein, a sub- 
stance and 'or material which has a selective 
affiniry for, or action upon, and will adhere 
to, envelop, or combine with, the de*ired 
heavier particle* and render them lighter 

45 than the others is added or introduced to th,* 
mixture* through the pipes 26 if desired, and 
rotation of the vessel causes a separation 
and/or diffusion of the particles, and those 
which have been rendered lighter are car 

50 ried in the resultant froth or foam to the 
top and are either skimmed off or are 
allowed to overflow through the space 
between the vessel rim and the adjustable 
ton ring 31. 

55 The oueration with an apparatus as 
*.hown in Figure 4 and in Figure 6. is much 
the same as described with reference to 



Figure 1 though repetitional according to 
the number of vessels provided, mixture 
being supplied through pipe 38 to each 
vessel, as in Figure 4, in addition to that 
overflowing from a higher into a lowi-r ve*- p l, 5 
but to only the innermost ve^el wh'»n they 
are arranged as in Figure 'J, and the over- 
How from that ve.-.-el will have to pa-* (hv.ru 
between the wall and the plate 57 ro escape 
into the next vessel, and so on. 10 

Having imw fully described and ascer- 
tained my said invention and the manner 
in which it is to be performed, I de» I arc- 
thai what I claim is: — 

1. Improved method of separating par- 15 
tides of different specific gravities and re- 
covering those desired, consisting in the cen- 
trifugal ization of a mixture of such particles 
and liquid discharged into a requisite];/ 
rotated vessel towards the wall which is 20 
adapted to receive and retain the heavier 
par'icles, discharging washing or agitating 
liquid or agitating fluid into the mixture in 
said vessel in the direction of the wall of said 
vessel, and discharging washing or agitating 25 
liquid or agitating fluid through the wall of 
^aid vessel in centripetal direction, to rau a e 
agitation in the content and separation 
and ''or diffusion of the lighter purtiele* *o 
that said particles will be carried off in the 30 
overflow from said vessel. 

2. Improved method of separating 
particles of different specific gravities and 
recovering those desired as in Claim i, in 
which the wall of the vessel has centriper- 35 
ally disposed or open riffles and washing or 
agitating liquid or agitating fluid is dis- 
charged through orifices in said wall at or 
about the deepest or most radial point be- 
tween or in "the riffles of said wall. ^ 

3. Improved method of separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 
Figure 1 of the drawings. 45 

4. Impmv^d method of separating 
parricles of different specific gravities and 
recovering the desired heavier valuable 
particle* consisting in the centrifugali/.a 
tion in a suitable vessel of a mixture of 50 
particles and suitable liouid to which is 
added or introduced a substance or material 
which will adhere to, envelop or combine 
with the heavier valuable particles to 
render them of less specific gravity than 55 
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the other previously lighter particle-, so th;u 
they will pass to the top uf the vessel ro be 
recovered. 

5. Improve*! method of separating 
5 part ii*liv-= of different specific! gravities and 

recovering the desired heavier valuable 
particles as in Claim 4 hereof, tit which a 
washing or agitating liquid or agitatiug tiuid 
is discharged into the mixture during the 
10 eentrifugalizariou. 

6. Improved method of separating 
particles of different specific gravities and 
recovering the desired heavier valuable 
particles substantially a> describe) and «\\- 

15 plained with reference to Figure :5 or tin 
drawings. 

7. rinpr»ivt?il appararu- for -eparnting 
partiM*»* of different specific gravities and 
recovering those desired, comprising a rorar- 

20 able ves.^l having riffles upon or in the inner 
face of its wall, openings through the wall 
between the riffles or thereinto, means for 
supplying liquid or duid to the outer end of 
said openings, and inside the vessel a mix- 

25 ture supply pipe and a washing or agitating 
liquid or duid supply pipe or plurality 
thereof respectively adapted to discharge 
mixture and washing or agitaring liquid or 
agitating duid at desired angle or angles 

30 towards the wall of the vessel. 

S. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired, comprising a 
rotatable vessel having riffles upon the inner 

35 face of its wall, a top riug vertically adjust- 
able in relation to the rim of the vessel, aud 
means for effecting the adjustment of said 
ring. 

9. Improved apparatus for separating 
40 particles of different specific gravities and 

recovering those desired, comprising a ver- 
tically spaced plurality, of vessels upon a 
common rotatable vertically disposed shaft, 
and means for supplying mixture to the 
45 uppermost or each vessel and means for dis- 
charging washing or agitating liquid or agi- 
tating fluid in each said vessel. 

10. Improved apparatus for separating 
particle- of different specific gravities and 

50 recovering tho-e desired, comprising the 
combination with on* or more of the vessels 
as in Claim 9. of means for discharging 
liquid or fluid through its wall between or 
into the riffles on the inner face thereof in 

55 a direction against, or at an angle to. centri- 
fugal action. 

0 



11. Improved apparatus for separating 
particles of different specific gravities ano 
recovering those desired .as in Claims 9 or 
10 in which the vessels are disengageahle 
from the rotating shaft so that one or some 5 
may remain stationary while the others are 
rotated with said shaft. 

1^. Improved apparatus for separating 
particles of different* specific gravities and 
recovering those desired, comprising a hori- 10 
zon tally arranged plurality of vessels upon 
a common . vertically disposed rotatable 
-haft, and means for supplying mixture v- 
rhe innermost or each of the vessels and 
means for discharging washing or agitating 15 
liquid or agitating duid in each said vessel" 

lo. Improved apparatus for separating 
particles of different specific gravities and 
recovering tho*e desired, comprising the 
combination with each of the vessels other 20 
than the outermost as in Claim 12, of mean* 
for directing the overflow to near the bottom 
of rhe next outer vessel. 

14. Improved apparatus for separating 
particles of different specific gravities and 25 
recovering those desired, comprising the 
combination with one or more of the vessel? 

as in Claim 12. of means for discharging 
liquid or fluid through its wall between or 
into the riffles in a direction against, or at 30 
an angle to. centrifugal action. 

15. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 35 
Figure 1 of the drawings. 

16. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference ro 40 
Figures 1 and 2 of the drawings. 

17. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 45 
Figure 3 of the drawings. 

13. Improved apparatus for separatinc 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 50 
Figure 4 of the drawings without means for 
discharging liquid or fluid through the walls 
of the vessels. 

19. Improved apparatus for separating 
particles of different specific gravities and 55 
recovering those desired substantially as 
described and explained with reference to 

10 
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Figure 4 of the drawings with mean? for 
discharging liquid or tfuid through the walla 
of the vessels. 

20. Improved apparatus for separating 
5 particles of different specific gravities and 

recovering those desired substantially aa 
described and explained with reference to 
Figures 4 and 5 of the drawings. 

21. Improved apparatus for separating 
10 particles of different specific gravities and 

recovering those desired substantially as 
described and explained with reference to 
Figure 6 of the drawings without means for 
discharging liquid or fluid through the walls 
15 of the vessels. 

11 



22. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 
Figure 6 of the drawings with means for 5 
discharging liquid or fluid through the walls 
of the vessels. 

Dated this thirty-first day of January, 
iV.d. 1936. 

Arnold 'Nesbitt MLicmcol, 10 
By his Patent Attorney, 

Percy Xewell. 
Witness — Mary A. Fox. 
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